Swift, INTEGRAL, RXTE, and Spitzer reveal IGR J16283-4838
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ABSTRACT

We present the first combined study of the recently discovered source IGR J16283-4838 with
Swift, INTEGRAL, and RXTE. The source, discovered by INTEGRAL on April 7, 2005, shows a
highly absorbed (variable Ny = 0.4—1.7x10% cm~?) and flat (I' ~ 1) spectrum in the Swif¢/XRT
and RXTE/PCA data. No optical counterpart is detectable (V > 20 mag), but a possible infrared
counterpart within the Swift/XRT error radius is detected in the 2MASS and Spitzer/GLIMPSE
survey. The observations suggest that IGR J16283-4838 is a high mass X-ray binary containing
a neutron star embedded in Compton thick material. This makes IGR J16283-4838 a member
of the class of highly absorbed HMXBs, discovered by INTEGRAL.

Subject headings: gamma rays: observations — X-rays: binaries — X-rays: individual (IGR J16283-4838)

—— stars: neutron
1. Introduction

Star formation in our Galaxy takes place mainly
in the dense regions of the spiral arms. These re-
gions host massive molecular clouds and also the
majority of the single and binary neutron stars
(~ 10°) and black holes (~ 10%) in the Milkyway.
The dense molecular clouds lead to strong star for-
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mation activity, which also results in the formation
of binary systems, and subsequently to X-ray bi-
nary systems. These objects show X-ray flares and
outbursts due to accretion processes onto the com-
pact object. At the same time, the gas and dust
of the spiral arms absorb most of the emission in
the optical to soft X-ray regime below 10 keV. In
addition, dense absorbing atmospheres around the
object make the detection of these sources even
more difficult. The hard X-ray and soft gamma-
ray mission INTEGRAL (Winkler et al. 2003) op-
erates at energies above 20 keV. With the large
field of view of the main instruments, the imager
IBIS (Ubertini et al. 2003; 19° x 19°, partially



coded FOV) and the spectrograph SPI (Vedrenne
et al. 2003; 35° x 35°, PCFOV), and its observ-
ing program focussed on the Galactic plane and
center, INTEGRAL is a powerful tool to discover
highly absorbed sources (Ng > 10?3 cm™2) in the
Galactic plane. So far a handful of those enig-
matic objects has been found since the launch
of INTEGRAL in October 2002!. Six of those
sources have been published so far: IGR J16318-
4848 (Walter et al. 2003) with an absorption of
Nu ~ 19 x 102 cm~2 (Matt & Guainazzi 2003),
IGR J19140+0951 (Ng = 0.3 — 1.0 x 102 cm™%
Rodriguez et al. 2005), IGR J16320-4751 (Nu =~
2x102% cm~2; Rodriguez et al. 2003), IGR J16393—
4643 (Ng =~ 10®2cm™2, Combi et al. 2004),
IGR J16358-4726 (Ng =~ 4 x 10¥cm™2, Pa-
tel et al. 2004), and IGR J16479-4514 (Ng >
5 x 1023 cm~2, Walter et al. 2004). While the na-
ture of the latter source is still unknown, the other
sources appear to be HMXBs, probably hosting a
neutron star as the compact object. Most, if not
all, of these sources show variable absorption. In
this paper we report the discovery and analysis
of another highly absorbed source, IGR J16283-
4838 (Soldi et al. 2005). This work makes the first
use of the combined data of INTEGRAL, Swift,
RXTE, and Spitzer.

2. Observations of IGR J16283—4838

All observations discussed in this Section are
summarized in Table 1.

2.1. Discovery by INTEGRAL

IGR J16283-4838 was discovered (Soldi et al. 2005)

during the observation of the Norma arm region
by the imager IBIS/ISGRI (Lebrun et al. 2003)
on-board INTEGRAL. The observation lasted
from April 7, 2005, 13:57 U.T. until April 9, 4:44
U.T. with an effective ISGRI exposure time of
126 ksec. The source position was revealed to be
R.A. = 16"28.3', DEC = —48°38' (J2000.0) with
3 arcmin uncertainty. The source showed a flux
of fx = (4.8+08) x 107 ergem™257! in the
" 20 - 60 keV band. No emission was detectable
above 60 keV. From the analysis of another IS-
GRI observation with similar exposure time we

for a list of all sources found by INTEGRAL see
http://isdc.unige.ch/~rodrigue/html/igrsources.html

estimate the 3¢ upper limit in the 60 — 200 keV
band fx < 1.2 x 107%ergecm™2s~!. The analy-
sis of the data prior to the discovery lasting from
April 4, 01:55 U.T. until April 6, 11:24 U.T., with
an exposure time of 192 ksec resulted in a 30 upper
limit of fog_sokev = 1.7x 107 ergem~25=1. The
source showed significant brightening during an
INTEGRAL observation starting on April 10, 1:26
U.T. Even though IGR J16283-4838 was in the
partially coded field of view of IBIS, the analysis
gave a 11.60 detection within 96 ksec with a flux
of f20-60kev = (113 + 10) x 1011 erg cm~ 257!
(Paizis et al. 2005). The low flux level of the
source did not allow the extraction of a spec-
trum from the ISGRI data and no simultaneous
soft-X and optical observations are available as
IGR J16283—4838 was always outside the field of
view of INTEGRAL’s X-ray monitor JEM-X and
of the optical monitor OMC. No further INTE-
GRAL observations of the source were obtained.

2.2. X-ray follow-up observations

After the discovery of IGR J16283-4838 a Swift
follow-up observation was requested in order to
obtain an X-ray spectrum and an optical mea-
surement. The Swift mission (Gehrels et al. 2004)
is a multiwavelength observatory for gamma-ray-
burst astronomy. The payload combines a gamma-
ray instrument (Burst Alert Telescope, 15 - 150
keV; Barthelmy et al. 2005), an X-ray telescope
(XRT; Burrows et al. 2005), and a UV-optical tele-
scope (UVOT; Roming et al. 2005). The XRT is
a focussing X-ray telescope with a 110cm? effec-
tive area, 23 arcmin FOV, 18 arcsec resolution,
and 0.2-10 keV energy range. The UVOT design
is based on the Optical Monitor (OM) on-board
ESA’s XMM-Newton mission, with a field of view
of 17 x 17 arcmin and a pixel size of 4 x 4 arcsec
on the sky.

Two Swift observations took place 3 and 5 days
after the last INTEGRAL observation. The first
one started on April 13, 14:02 U.T. with an expo-
sure time of 2.5 ksec, which resulted in an effective
Swift/XRT exposure of 550 sec. A preliminary
analysis of the XRT data refined the position of
IGR J16283-4838 to R.A. = 16"28'10.7", DEC =
—48°38'55" (J2000.0) with an estimated uncer-
tainty of 5 arcsec radius (Kennea et al. 2005).

A second observation was performed on April
15, 00:16 U.T. with 2600 sec effective XRT ex-




posure time. For our analysis of the Swift data
we used the calibration files which have been re-
leased on April 5, 2005 and the software pro-
vided by the Swift Science Center. These tools
are included in the release of HEAsoft 6.0 as of
April 12, 2005. Applying a centroid algorithm
to the data of April 15 gives a refined position
for the source of R.A. = 16128'10.56", DEC =
—48°38'56.4" with an uncertainty of 6 arcsec ra-
dius, consistent with both the preliminary analy-
sis and the INTEGRAL measurement. The spec-
trum extracted from the XRT data of April 15 is
shown in Fig. 1. The spectral fitting was done
using version 11.3.2 of XSPEC (Arnaud 1996).
Both XRT spectra are well represented by an ab-
sorbed power law with the same photon index
(T = 1.12 + 0.35), but different absorption col-
umn density. The spectrum of April 13 shows
less absorbed (Ng = O.Gfgjg x 1023 cm~?) spec-
trum with a lower flux (fo—1gkev = (3.9 £ 0.3) x
10~ ergcm~2s71) than the April 15 one. The
latter data show Ny = 1.7f8:2 x 102 cm~2 and
a flux in the 2 - 10 keV band of fo_10kev =
(2.7 £ 0.3) x 107 ergcm~%s5"!. The data are
equally well fit by an absorbed black body with
Ny = 0.3/1.4 x 1022 cm™? (April 13/15) with a
temperature of kT = 2.0 & 0.3keV. Adding a
Gaussian line to the fit does not improve the re-
sults significantly. The 30 upper limit for the Fe
Ka line at 6.4 keV is 4 x 10~*phcm~2s~1. Be-
cause of the short exposure time the source was
not detected by the BAT instrument.

IGR J16283-4838 was then also observed twice
by RXTE using the Proportional Counter Ar-
ray (PCA). The first observation starting on
April 14, at 0:46 U.T. lasted 3.6 ksec, the sec-
ond on April 15, at 16:07 U.T. lasted 2.9 ksec
(Markwardt et al. 2005). The RXTE/PCA has
a large field of view (2° FWZM). For targets
near the Galactic plane, a significant amount of
Galactic diffuse emission enters the PCA aperture,
which is considered background. This background
was modeled by taking a nearby observation of
the Galactic plane (observation 91409-01-02-00,
[ = 341.4°, b = 0.6°). This observation is at a
similar latitude as IGR J16283-4838, so the dif-
fuse emission should have nearly the same spec-
trum. The background observation was modeled
as thermal bremsstrahlung with a temperature of
kT = 7.4 keV, plus line emission at ~ 6.5 keV

with an equivalent width of 600 eV. The shape of
the background template was fixed and added to
the spectral model of the two PCA observations
of IGR J16283-4838; only the total normalization
of the template was allowed to vary. The best fit
models for the source are shown in Table 1.

No pulsations are detectable in the PCA data.

2.3. Infrared and optical data

Within the 6 arcsec error radius around the re-
fined position determined from the Swift/XRT
data the infrared source 2MASS J16281083-
4838560 is located at 2.7 arcsec distance (Ro-
driguez & Paizis 2005). This source has K, J, and
H band magnitudes of K = (13.95 % 0.06) mag,
J > 16.8mag, and H > 15.8mag (95% lower
limits).

The Galactic Legacy Infrared Midplane Survey
Extraordinaire (GLIMPSE?; Benjamin et al. 2003)

data show the source SSTGLMC G335.3268+00.1016

at 2.9 arcsec distance to the XRT position, con-
sistent with the 2MASS detection. GLIMPSE is
a 4-band near- to mid-infrared survey by Spitzer
(Werner et al. 2004) of the inner two-thirds of the
Galactic disk with a spatial resolution of ~ 2.
The Infrared Array Camera (Fazio et al. 2004)
imaged 220 square degrees at wavelengths cen-
tered on 3.6, 4.5, 5.8, and 8.0 um in the Galac-
tic longitude range 10° to 65° on both sides of
the Galactic center and in Galactic latitude £1°.
The Spitzer/GLIMPSE data show a clear detec-
tion of IGR J16283-4838 in all four energy bands
(Tab. 1).

Within the error radius of IGR J16283-4838 no
optical counterpart is detectable on the POSS-II
plates of the Digitised Sky Survey. During the
observations by Swift on April 13 and on April
15 the UVOT took an image in the V-band. No
source is detected within the error radius down to
a magnitude of V > 20 mag. The image extracted
from the Swift/UVOT data on April 15 is shown
in Fig. 2. The contours indicate the XRT count
map.

3. Sbectral Energy Distribution

The spectral energy distribution (SED) of
IGR J16283-4838 is shown in Fig. 3. In the

2publicly available at http://irsa.ipac.caltech .edu/data/SPITZER/GLIMPSE/



chosen diagram a single power law with photon
index I' = 2 would appear as an even, horizon-
tal line. Note that we display in the SED the
absorbed fluxes as they are measured at the ob-
server. No error bars have been included for the
Swift/XRT data and only the XRT data of April
15 are shown for better visibility. From the com-
parison of the XRT data points with the mea-
surements by RXTE/PCA it is apparent that
the XRT measurement was done during a high
state of the source, while the RXTE/PCA and the
two INTEGRAL/ISGRI measurements describe a
lower flux state. Unfortunately the 60 — 200keV
upper limit does not constrain the SED signif-
icantly. Although not simultaneous, the mid-
infrared (Spitzer), near infrared (2MASS), and
the optical upper limit {Swift/UVOT) describe a
sharp turnover in this energy region.

4. Discussion

The new hard X-ray source IGR J16283-4838
exhibits several characteristic features:

e IGR J16283-4838is located at Galactic lon-
gitude [ = 335.3° and latitude +6.1 arcmin
in the Norma arm region

o It shows a strong flare within a time scale of
days

e It shows absorption of the order of Ny =
0.4 — 1.7 x 1022 cm™2 and a flat X-ray spec-
trum (T ~ 1)

e The bimodal spectral energy distribution
has one peak in the mid-infrared and the
other in the hard X-rays

o The flux of the iron Ko line is fko < 4 X
10~*phcm2%s7!

e The optical counterpart is apparently weak
(V > 20 mag)

Combining this information enables us to put
constraints on the nature of the source. The
position within the Galactic plane at only +6.1
arcmin makes a Galactic origin of the source
likely, even though some AGN have been seen
through the plane by INTEGRAL, like the
Seyfert 1 galaxy GRS 1734-292 (Marti et al. 1998;
Sazonov et al. 2004). But a typical Seyfert 1 or

Seyfert 2 can be ruled out as a counterpart for
IGR J16283-4838, because of the strong variabil-
ity. This would still leave the possibility of a blazar
as counterpart. But the characteristic SED of
blazars usually exhibits the gap between the syn-
chrotron emission and the inverse Compton emis-
sion in the energy band where INTEGRAL/ISGRI
is operating. The only class of blazars that peak
in this energy range are the high-frequency peaked
BL Lac objects. But even the brightest of those
BL Lacs have not been detected so far by INTE-
GRAL. Also, the absorption by the Galaxy in the
direction of the source (Ng = 2.2 x 1022cm™2) is
not high enough to explain the intrinsic absorp-
tion of 1.7 x 10?3 cm™2, and thus intrinsic strong
absorption in the BL Lac would be required to
explain the Swift/XRT spectrum, but this has not
been seen so far in blazar spectra.

If we consider IGR J16283-4838 to be a Galac-
tic source, mainly two types of bright and variable
hard X-ray emitters are likely to be a counterpart:
Low Mass and High Mass X-ray Binaries, LMXBs
and HMXBs, respectively. The hard X-ray spec-
trum with strong absorption indicates the pres-
ence of a HMXB in which no pulsation have been
detected so far (Markwardt et al. 2005). Also the
bright infrared emission indicates a massive star
as the companion of the compact object.

For a HMXB it is likely that IGR J16283-
4838 is located close to a star forming region
in a Galactic spiral arm. Along the line of
sight towards the source several arms are located
(Russeil 2003): The Sagittarius-Carina arm (0.7
kpc), the Scutum-Crux arm (3.2 kpc), the Norma-
Cygnus arm (4.8 kpc), a star-forming region (7
kpc), and the Perseus arm (10.8 kpc). The lu-
minosity of the object during the flare can be
estimated by taking the brightest stage during
the RXTE observation and assuming a distance
to the object between 1 and 10 kpc. The un-
absorbed flux is in this case only 20% larger
than the absorbed one, because the significant
part of the luminosity is emitted in the hard X-
rays. The bolometric luminosity is then in the
range log Lyurst = 34.0 — 36.5 (where L is in
units of ergs™!). The quiescent luminosity of
the system is at least a factor of ~ 20 lower with
log Ly < 33 — 35.2. This range of values is con-
sistent with measurements from known Be/X-ray
binaries with a neutron star as the compact object




(Negueruela 1998). In any case the luminosity is
far below the Eddington luminosity of a neutron
star of 1.4Mg (L = 1.8 x 1038 ergs™1).

The properties of IGR J16283-4838 are sim-
ilar to those of a number of highly absorbed
sources (Ng = 1 — 20 x 10®3cm™2) found in
the Galactic plane, especially in the Norma
arm region (Walter et al. 2004). The HMXB
IGR J19140+40951 shows also strong variable ab-
sorption (Rodriguez et al. 2005), indicating in-
trinsic absorption in the source. The observed
properties of IGR J16283-4838 are consistent
with those of IGR J19140+0951 in the bright
state, where the iron line flux decreased to
4 x 107*phcm™2s~!, which is at the upper
limit for the Swift/XRT measurement in our
case. The (non-)variability of the absorption in
IGR J16318-4848 is still under discussion, as
Walter et al. (2003) claim constant absorption,
whereas Revnivtsev (2003) discovered variable
absorption which could be connected with the
orbital phase of the binary system. Only one of
the newly detected highly absorbed sources has
been claimed so far not to be a HMXB. Patel et
al. (2004) observed IGR J16358-4726 with Chan-
dra. From the X-ray data they favour the source
to be a millisecond pulsar LMXB even though the
HMXB interpretation cannot be ruled out com-
pletely, though it would require some unknown
kind of spin-down torque to prevent the neutron
star from spinning up in this particular case.

X-ray binaries with strong intrinsic absorption
have been known already before INTEGRAL, for
example in 4U 1700-377, GX 301-2, Vela X-1, and
CI Cam. Except for the latter one, where the na-
ture of the source is unclear to date, these sources
are also HMXBs, likely to host a neutron star as
the compact object. Vela X-1 shows variable ab-
sorption from a negligible value up to 7x1023 cm ™2
(Pan et al. 1994). GX 301-2 shows strong absorp-
tion variation (up to 12 x 10%®cm~2; White &
Swank 1984), and so does CI Cam ({0.02 — 5) x
10% cm~2; Boirin et al. 2002). In 4U 1700-377 the
absorption is linked to the state of the HMBX sys-
tem and varies by a factor of 2 between 0.9 and
2.0 x 10?2 cm~2 (Boroson et al. 2003). It appears
that variable absorption is a common feature in
highly absorbed HMXBs. This could mean that
the absorbing material is linked to the existence
of a high mass donor in the binary system. In

this case a strong and dense stellar wind (1077
to 1073 Mg yr~?) from the early-type stellar com-
panion will probably cause the absorption in the
system. The fact that all the absorbed sources so
far have shown to be HMXBs (Walter et al. 2004)
containing neutron stars does not rule out signifi-
cant contribution of HMXBs with a black hole as
the compact object. But these systems are ex-
pected to be less numerous than the neutron star
HMXBs by a factor of 10 to 100, making the de-
tection of a black hole binary within a sample of
only about 10 detected highly absorbed HMXBs
unlikely. These absorbed binary systems might
provide a significant contribution to the Galactic
hard X-ray background at energies above 10 keV
(Lebrun et al. 2004; Valinia et al. 2000).

5. Conclusions

The newly discovered hard X-ray source IGR J16283-

4838, located in the Norma arm region, is likely
to be a HMXB containing a neutron star as the
compact object. It is located in the Galactic
Plane in the direction of star forming regions in
the spiral arms and shows a large flare, which
makes an extragalactic origin unlikely. The spec-
trum is hard (I' ~ 1) and strongly absorbed dur-
ing the flare, which indicates a HMXB rather
than a LMXB. The luminosity is comparably low
(L < 10%7ergs™!) which is typical for a neu-
tron star HMXB. The strong and variable absorp-
tion (Ng = 0.4 — 1.7 x 103 cm~?) indicates that
IGR J16283-4838 belongs to the class of highly ab-
sorbed HMXBs discovered by INTEGRAL along
the Galactic plane. Bright and absorbed sources
like IGR J16283-4838 could contribute signifi-
cantly to the Galactic hard X-ray background in
the 10-200 keV band.

It has to be pointed out that the discovery and
classification of IGR J16283-4838 would not be
possible without combining the observations of the
recent observatories in space, like INTEGRAL,
Swift, RXTE, and Spitzer. Combined efforts from
these missions should lead to deeper insights into
the nature of the hard X-ray source population in
our Galaxy in the near future.

We like to thank John Greaves for pointing
out the GLIMPSE data. This work is based in
part on observations made with the Spitzer Space



Telescope, which is operated by the Jet Propul-
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ogy under NASA contract 1407. This research has
made use of the SIMBAD Astronomical Database
which is operated by the Centre de Données as-
tronomiques de Strasbourg.
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Table 1: Summary of observations

Instrument Date Energy range Flux® Ny r
1022 cm~?
Spitzer 2004 3.6 um 3.533 £ 0.248 mJy - -
2004 4.5 pm 3.715 £ 0.293 mJy - -
2004 5.8 pm 3.522 4+ 0.441 mJy - C-
2004 8.0 pm 2.456 + 0.223 mJy - -
2MASS June 18, 1999 K band 13.95 + 0.06 mag - -
June 18, 1999 J band > 16.8 mag - -
June 18, 1999 H band > 15.8 mag - -
Swift/UVOT April 13/15 V band > 20 mag - -
Swift/XRT " April 13 2-10 keV 39403 6+2 09+05
April 15 2-10 keV 27+03 17+ 4 1.2+ 0.6
RXTE/PCA April 14 2-10 keV 1.1+£01 13+6 09+0.1
10-20 keV 25+01
20-40 keV 58+0.3
April 15 2-10 keV 1.0+0.2 4+4 0.8+0.3
10-20 keV 1.7+0.3
20-40 keV 40+0.6
INTEGRAL/ISGRI April 4-6 20-60 keV < 1.7 - -
April 7-9 20-60 keV 48+0.8 - -
April 10 20-60 keV 11.3+1.0 - -

@ flux in 107! ergem™2s7! if not indicated differently
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Fig. 3.— Spectral energy distribution of IGR J16283-4838. From the left, Spitzer/GLIMPSE (marked by
octagons), 2MASS (square and two upper limits), Swift/UVOT (V-band upper limit), Swift/XRT (small
dots), and marked by triangles the RXTE/PCA data (upper line: April 13, lower line: April 15). The two
octagons on the right represent the INTEGRAL/ISGRI measurement on April 8 (low flux) and April 10
(higher flux). The arrow on the right shows the ISGRI upper limit at 80 keV.



IGR J16283-4838 Swift/XRT spectro
obsorbed single power law fit; photon index 1.1
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Fig. 1.— Swift/XRT photon spectra of April 13
(upper spectrum) and of April 15 (lower spec-
trum). The applied fit is an absorbed power-law
with Ny = 0.6/1.7 x 102 cm~2 (April 13/15) and
r'=1.1.
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Fig. 2.— Suwift/XRT contour plot ontop of the
UVOT V-band map of IGR J16283-4838 based on
a 2.6 ksec observation on April 15, 2005. The cross
indicates the position of the mid-infrared source
SSTGLMC G335.3268400.1016 seen by Spitzer
and in the 2MASS.




